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COLUMN AND PLATS COMPRESSIVE STRENGTHS 
OP AIRCRAFT STRUCTURAL MATERIALS 

EXTRUDED ll-j-S-T ALUMINUM ALLOY 

By George J. Heimerl and Donald E. Niles 


SUMMARY 


Column and date compressive strengths of extruded 
II 4 .S-T aluminum alloy were determined both within and 
beyond the elastic range from tests of flat-end H-section 
columns and from local-instability tests of H-, Z-, and 
channel-section columns. These tests are part of an 
extensive research investigation to provide data on the 
structural strength of various aircraft materials. The 
results are presented in the form of curves and charts 
that are suitable for use in the design and analysis of 
aircraft structures. 


INTRODUCTION 


Column and plate members that fail by instability 
are basic elements in an aircraft structure. For the 
design of s tructurally efficient aircraft, the strength 
of these elements must, be known for the various aircraft 
materials. An extensive research program has therefore 
been undertaken at the Langley Memorial Aeronautical 
Laboratory to establish the column and plate compressive 
strengths of a number of the alloys available for use in 
aircraft structures, parts of this investigation have 
been completed; the alloys already investigated include 
2 ).lS-T and 17 S-T aluminum- alloy sheet and extruded 75S-T, 
21 lS-T, end F.303-T aluminum alloys (references 1 to 5 j 
respectively} . 
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Because of the increased interest in the use of 
extruded liiS-T aluminum alloy, this alloy has been included 
in the investigation. The results of tests to determine 
the column and plate compressive strengths of extruded 
ll|.S-T aluminum alloy are presented herein. 


SYMBOLS 


L 

P 

c 


L 

P\/c 



1 e ng th of co lumn 
radius of gyration 

fixity coefficient used in Euler column formula 
effective slenderness ratio of column 

width and thickness, respectively, of flange of 
H- , Z- , or channel section (see fig. 1) 



width 

Bl- 


and thickness, respectively, of web of 
Z-, or channel section (see fig. 1) 


r radius of corner fillet (see fig. 1) 


k yj nondimensional coefficient used with b ^ and t„ r 

in plate-buckling formula (see figs. 2 and 
taken from reference 6) 


E modulus of elasticity in compression, taken as 

10,700 ksi for extruded llj.S-T aluminum alloy 

t nondimensional coefficient (The value of r is 

so determined that, when the effective modulus 
of elasticity tE 0 is substituted for E c in 
the equation for elastic buckling of columns, 
the computed critical stress agrees with the 
exoerimentally observed value. The coeffici- 
ent t is equal to unity within the elastic 
range and decreases with increasing stress 
beyond the elastic range.) 

p nondimensional coefficient for compressed plates 

corresponding to t for columns 


A 


NACA ARR No. L6C19 


P 


p, Poisson's ratio, taken as O.J for extruded liiS-T 

aluminum alioy 

o critical cororee sive stress 

C I 

d max average compressive stress at maximum load 
o compressive yield stress 


METHOD OF TESTING AND ANALYSIS 


All 

accurate 


tests were made in hydraulic testing machines 
within three-fourths of 1 percent. 


Stress-strain curves,- The compressive stress-strain 


curves, which identify the material for correlation with 
its column and plate compressive strengths, were obtained 
for the wit h-grain direction for both ends of the 20-foot 
extrusions used to make the columns . Tor the flat-end 
columns used to determine the column strength, compres- 
sion stress-strain specimens, 2.5 inches long and of the 
identical cross section as the columns, were used to 
obtain an average stress-strain curve applicable to the 
entire column cross section; no lateral supports were 
required for these specimens because buckling did not 
occur before the yield stress was reached. For the 
columns used to determine the plate compressive strength, 
an average stress-strain curve for the entire column 
cross section could not be obtained from similar full- 
size cross-sectional specimens because buckling would 
have occurred before the stress reached the yield value. 


For this reason, single- thickness compression specimens 
were cut from the middle of the web, and from the parts 
of the flanges immediately adjacent to the corner fillets 
at the junction of the flange and web. The single- 
thickness specimens were tested in a Montgomery- Temp lin 
type of compression fixture, which provides lateral 
support to the specimen through closely spaced rollers. 
(See reference 7 Tor the technique in using this type of 
fixture.) Tuckerman strain gages (1-in. gage length) 
were used to measure strains for both types of compres- 


sion specimens. 
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C o lumn strength .- The column strength and the 
associated effective column modulus of elasticity were 
obtained, from tests of flat-end E-section columns with 
the fixity coefficient c assumed to be equal to Lj., 

The columns were tested with the ends ground flat and 
square and bearing directly against the testing-machine 
heads. The nominal cross-sectional dimensions for all 
the columns were bp = 0 . 56 , b,,. = 1.6k, and 

t-, = t = 0.125 inch. This 3ize of section was obtained 

w 

by milling off the necessary amount from the flanges of 
an extruded E-section and was chosen so that the columns 
would develop a higher local-instability strength than 
the greatest column strength expected. 

f rfce crookedness of the columns , the distance from 
a point at the midpoint of the column from a straight 
line drawn between corresponding points at the ends of 
the column, was measured by means of a plane surface 
and a moveable dial-gage setup. The ratio of length to 
crookedness was’ greater than 1300 in all cases. (The 
strength of columns with this ratio less than 1000 may 
be noticeably reduced by the crookedness of the column. ) 

As some of the columns developed a tendency to twist 
after the flanges were machined down, this twist was 
removed before the crookedness was d.etermined and before 
the column test was made. In order to measure the 
crookedness, the twist was removed by holding the flanges 
at each end of the column to bear firmly against uniformly 
thick steel blocks resting on the plane surface. Before 
the tests were made, the column was clamped against a 
guide bar at each end until & small initial load was 
applied, then the gu5.de bars were removed. 

Pla te compress i ve strength . - The method of testing 
and analysis developed for this research program to 
determine the date compressive strength ''see reference 1) 
is briefly summarized as follows: 

The piste compress - ! vs strength was obtained from 
compression tests of E-, Z- , and channel- section columns 
so proportioned as to develop locsl instability, that 
is, instability of the date elements. (See fig. i|.. ) 
Extruded E-sections of three different web widths were 
tested, the flange widths for each were varied by milling 
off parts of the flanges. The flanges of some of the 
H-section extrusions were removed in such a way as to 
make Z- or channel sections as desired; the flange widths 
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of the Z- and channel-section columns were varied in the 
same manner as the flange widths for the H-section 
columns. The lengths of the columns were selected so 
as to obtain whenever possible a desirable three half- 
wave buckling pattern in accordance with the principles 
in reference 8. The tests were made with the column 
ends ground flat and square and bearing directly against 
the testing-machine heads. In these local-instability 
tests, measurements were taken of the cross-sectional 
distortion, and the critical stress was determined as 
the stress at the point near the top of the knee of the 
stress-distortion curve where a marked increase in 
distortion first occurred with small increase in stress. 

The method of analysis presented herein differs 
from the method presented in reference 1 in that the 
inside face dimensions were used, to define b™ and b„ T . 

r w 

This definition of b- and b„ t for extruded sections 
with small fillets was previously used in references 3 
to 5 order that the theoretical and experimental 
buckling stresses would agree within the elastic range. 
Per formed Z- and channel sections with an inside bend 
radius of three times the sheet thickness (references 1 
and 2), bp and b w were defined as center-line, widths 
with square corners assumed. 


RESULTS AND DISCUSSION 
Compressive Properties 


The comoressive stress-strain curves that apply to 
the extruded l)i.S-T aluminum alloy used in this investi- 
gation are summarized in figure The variation in 
compre-sive yield stress shown by the dashed curves 
indicates the maximum differences that were found to 
exist between the average values obtained at the ends of 
the different 20-foot extrusions; in some cases, this 
variation was so small that only a sin. le curve is shown. 
Curves A apply to the material used for the flat-end 
column tests, whereas curves B to g apply to that used 
for the local-instability tests. The columns to which 
the stress-strain curves B to E apply are identified 
by the letters given in tables 1, 2, and 3* The average 
value of c? C y that applies to all the flat-end 

H-section columns is 37*0 ksi and to all the local- 
instability tests is 59*2 hsi for the flange material 
and 58.3 ksi for the web material. 
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The average values of a c ^. for the web were lower 

than those for the flange. In a few cases, however, 
individual values of a for the web were slightly 

higher than those obtained for the flange. A survey 
of d cir over a cross section of the largest extrusion 
fsee fig. 6) showed that the values of a were lower 

O V 

in the outer than in the inner part of the flanges. 
Limited data on the intermediate-size extrusion indicated 
more uniform distribution of o n over the flange widths 

than shown in figure 6. The variation of compressive 
yield strength shown, therefore, should not be regarded 
necessarily as typical for extrusions of this alloy. 


Column and Plate Compressive Strengths 

Because the compressive properties of an extruded 
aluminum alloy may vary considerably, the data and 
charts of this report should not be used for design pur- 
poses for extrusions of l)iS-T aluminum alloy that "have 
appreciably different compressive properties from those 
reported herein, unless a suitable method is devised for- 
adjusting test results to account for variations in 
material properties. (Average values of are given 

?n round numbers on figs. 7 to 12.) The results of the 
column and local-instability tests of extruded lLs-T 
aluminum alloy are summarized herein; a discussion of 
basic relationships ■*. s fifiven in reference 1. 

Colum n strength . - The column curve of figure 7 
shows the results of the flat-end E-section column 
tests. 'The reduction of the effective modulus of elas- 
ticity for columns rv, with increase in stress is indi- 

cated by the variation of t with stress shown in figure 

plate-compressive strengt h. - The results of the 
local-instability tests of the JS-, Z-, and channel- 
section columns used to determine the plate compressive 
strength are given in tables 1, 2, and 3, respectively. 

The plate -bucV. ling curve, analogous to the column 
curve of figure 7> is shown in figure 9* The reduction 
of the effective modulus of elasticity for plates nE P 
with increase in stress is indicated by the variation" 
of r) with stress, which is shown with the curve 
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for t in figure 8. The t~ and rj-curves diverge 
from unity at about the sane value of stress; this 
deviation indicates that the H- , Z- and channel-section 
columns had about the same degree of imperfection as the 
flat-end H-section columns used to determine the column 
strength. This imperfection is apparent for both classes 
of columns because the r)- and t-curves diverge from 
unity at a stress below that for any visible divergence 
of the stress-strain curves from straight lines. (See 
fig. 5-) 

The variation of the actual critical stress o cr 
with the theoretical critical stress a cr / r ) computed 
for elastic buckling by means of the formula and curves 
of figures 2 and 3 is shown in figure 10. 

In order to illustrate the difference between the 
critical stress a„ r and the average stress at maximum 

load b, rax , the variation of o rr with a cr/^max is 
shown in figure 11. Because values of c"^ may be 
required In strength calculations, the variation of c xasx 
with d cr /p is shewn in figure 12. 

Attention is directed to the fact that a single 
plate curve appears on each of figures 9 to 12 whereas 
separate curves were found for H-sections and for Z- and 
channel sections in the corresponding figures for extruded 
75S-T, 2iiS-T, and R 3 O 3 -T aluminum alloys in references 3 > 
It, and 5> respectively. The much greater scatter of the 
test data in figures 9 to 12, as compared with the corre- 
sponding figures given in references 3 to c j>, makes it 
aopear that one of the reasons for the failure to detect 
separate curves for this extruded li+S-T aluminum alloy 
may possibly be due to a variable distribution of the 
compressive yield stress over the cross section of the 
different extrusions, and hence may not have been the 
same as that shown in figure 6 for each extrusion. If 
the scatter had been less, and only a single plate curve 
obtained for this extruded ligS-T aluminum alloy, it would 
be reasonable to conclude that the type of distribution 
of the compressive yield stress over the cross section 
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was different from that found for the other extruded 
aluminum alloys (references 3 to 5 )* 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee ior Aeronautics 
Lang ley Field, Va. 
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TABLE 1.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED H-SECTION 
COLUMNS THAT DEVELOP LOCAL INSTABILITY 


Column 

Applicable stress- 
straln curve 
(fig. 5) 

fc w 

( In. ) 

t F 

(in.) 

b w 

(in.) 

b F 

(in.) 

L 

(In. ) 

L 

b w 

fc F 

b w 

s 

b F 

b w 

(fig. 2) 


O'- _ 
or 

U 

(ksi) 

(a) 

°cr 

(kal) 

°max 

(ksi) 

g cr 

b ff fl2(l-n 2 ) 

M k w 

o~ 

max 

la 


3 

0.125 

0.129 

1.61 

0.81 

6.44 

4.0 

0.96 

12.91 

0.505 

2.73 

25.8 

I584 

59-7 

65.2 

0.916 

lb 



.125 

.127 

1.61 

.81 

6.52 

4 .i 

• 99 

12.86 

.505 

2.63 

26.2 

153.1 

60. 5 

6S.0 

.931 

lc 



.126 

.127 

1.60 

.81 

6.50 

4.1 

• 99 

12.70 

.506 

2.62 

2 S .9 

157.1 

63.4 

66.0 

.961 

2a 



.124 

.129 

1.62 

.90 

7.58 

4.7 

.96 

13.00 

. 556 

2.36 

28.0 

135.1 

58.5 

63.5 

.921 

2b 



.124 

.129 

1.62 

.90 

7.60 

4-7 

.96 

13.02 

.556 

2.36 

28.0 

134.7 

57-6 

62.3 

.925 

2c 



.12li 

.129 

1.62 

•90 

7.50 

4.6 

.96 

15.04 

.555 

2.37 

28.0 

13 k. 8 

58.5 

61.8 

.947 

3 a 



.124 

.129 

1.62 

.98 

8.72 

5-4 

•96 

I 3 i 07 

.602 

2.05 

30.2 

116.1 

59.2 

6l.l 

.969 

3 b 



.124 

.130 

1.62 

.98 

8 . 7 ° 

5-4 

.96 

13.02 

.603 

2.0k 

30.1 

116. k 

58.4 

61.6 

.948 

? C 



.12k 

.128 

1.62 

.98 

8.92 

5-5 

.97 

13.10 

.601 

2.00 

30.6 

112.7 

58.9 

62.6 

.9kl 

ka 



.12k 

.129 

1.6l 

1.06 

9.09 

5-6 

.96 

12.97 

.660 

I.76 

32.3 

101.2 

57-9 

60.3 

.960 

kb 



.12k 

.129 

1.62 

1.06 

9.10 

5-6 

.96 

13.03 

.652 

I.78 

32.3 

101. k 

58.5 

60.0 

.975 

kc 



.12k 

.1J0 

1.62 

1.06 

9. 06 

5-6 

.96 

15.05 

.655 

1.77 

52.4 

100.5 

58.3 

59-9 

• 973 

3 a 



.12k 

.130 

1.62 

1.14 

9.38 

5-8 

.96 

13-03 

.702 

1.56 

54-5 

88.? 

56.0 

59.5 

• 941 

3 b 



.12k 

.129 

1.62 

1.14 

9-44 

5.8 

.96 

13.05 

.701 

1-57 

34.4 

89.4 

56.9 

59*1 

.963 

6a 



.125 

.130 

1.62 

1.21 

9.62 

5-9 

.96 

13.01 

.749 

1.39 

36.5 

79 . k 

56.1 

58.6 

.957 

6b 



.125 

.130 

I.63 

1.21 

9.68 

6.0 

.96 

15.06 

.747 

1.40 

36.5 

79 . k 

56.3 

57-9 

.972 

6c 



.12k 

.129 

I.63 

1.21 

9.66 

5*9 

.96 

13.08 

.747 

i.ko 

36.5 

79-1 

56.1 

56.0 

.967 

7 a 



.12k 

. 130 

1.6l 

1.34 

10.14 

6.3 

.■96 

12.95 

.830 

1.18 

39-5 

68.0 

52.4 

54.7 

.958 

7 b 



•125 

.130 

1.62 

1.3U 

10.10 

6.3 

• 96 

12.96 

.831 

1.17 

59.6 

67. k 

52.3 

54.9 

•953 

7 c 

\ 

f. 

.12k 

.130 

1.62 

1.34 

10.16 

6.3 

.96 

13.03 

.825 

1.19 

39-5 

67.8 

52.4 

55.O 

.953 

8a 

1 

3 

.121 

.125 

2.23 

.90 

8.92 

4.0 

.96 

18.51 

.404 

3.80 

31.4 

107.3 

57-9 

60.6 

• 955 

8b 



.120 

. 1.29 

2.24 

.90 

8.94 

4.0 

.96 

18.63 

.401 

3-77 

31.7 

105.0 

57.6 

60.2 

• 957 

8c 



.120 

.124 

2.24 

.90 

8.90 

4.0 

• 97 

18.62 

.405 

5-75 

31.8 

iok.6 

58.2 

60.5 

.962 

9 a 



.120 

.125 

2.24 

1.01 

10.08 

4-5 

. 9 § 

18.64 

.452 

3.24 

34-2 

90.2 

58.0 

59.7 

.972 




.120 

•125 

2 . 2 k 

1.01 

10.08 

4.5 

.96 

18-59 

.452 

3 . 2 k 

34.1 

90.7 

58.1 

59.7 

.973 

9 c 



.121 

.124 

2.2 3 

1.01 

10.06 

4.5 

.98 

18.47 

•453 

3 . 1 k 

34.4 

89.O 

56.5 

59.9 

•943 

10a 



.120 

.125 

2 . 2 k 

1.13 

11.23 

5.0 

• 9 6 

18.62 

• 504 

2.77 

37.0 

77.3 

55.6 

56.8 

•979 

10b 



.120 

.125 

2 . 2 k 

1.15 

11.26 

5.0 

.96 

18.63 

• 504 

2.76 

37.1 

76.9 

55.6 

57.1 

.974 

10c 



.120 

•125 

2 . 2 k 

1.15 

11.26 

5.0 

.96 

18.64 

.504 

2.76 

57-1 

76.8 

55.0 

57.4 

.958 

11a 



.120 

.124 

2.2 S 

1.35 

12.12 

5*4 

•97 

18.71 

.598 

2.0k 

43-3 

56.4 

50.9 

52.2 

•975 

lib 



.120 

.124 

2 . 2 k 

1.35 

12.14 

5*4 

.97 

18.64 

.602 

2.03 

43-2 

56.5 

51.4 

52.4 

.981 

11c 



.120 

.124 

2.24 

1-35 

12 c 17 

5-4 

• 97 

18.62 

.603 

2.01 

43.4 

56.1 

51.O 

52 a 7 

.968 

12 a 



.121 

.125 

2.29 

1.56 

12.94 

5 *§ 

.96 

18.51 

.707 

1.54 

49-3 

k 3-5 

41.5 

45-7 

.908 

12b 



.120 

.125 

2.24 

i. 5 § 

12.96 

5-8 

• 97 

X 8.57 

. 70 S 

1.5k 

49.4 

k 3.2 

42.8 

45.7 

•937 

12o 



.121 

.125 

2.23 

1.58 

12.94 

5.8 

• 97 

18.44 

.706 

i.3k 

49-1 

k 3.8 

41.9 

k 5.6 

.919 

13 a 



.121 

.125 

2.2 3 

i *§3 

14.08 

6.3 

.96 

18 . 5 ° 

.823 

1.20 

55.8 

33-9 

32.6 

k 2.7 

.763 

! 13 b 

> 

r 

.121 

.125 

2.23 

1.83 

14.20 

6.4 

•97 

18.48 

.822 

1.20 

55.8 

34.0 

33.6 

42.7 

.787 


°cr _ 




where E c = 10,700 ksi and O. 3 . 
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TABLE 1.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED H-SECTION 
COLUMNS DEVELOP LOCAL INSTABILITY - Concluded 


Column 

1 

Applicable stress- 
strain curve 

(fig. 5) 

tw 

(in.) 

t F 

(in.) 

bu/ 

(in. 

fed 
X 3 -h 

L 

(in. ) 

L 

b w 

b w 

*F 

h 

t W 

b F 

b * 

k w 

(fig. 2) 


^cr 

r) 

(ksi ' 
(a) 

*cr 

Ocai: 

^max 
) (ksi) 

^cr 

b Wn/l2(l-u Z ) 


^ax 

ilia 


c 

0.118 

0.121 

2-73 

1.10 

12.56 

4-6 

O.98 

23.15 

0.405 

3.67 

,39.9 

66.2 

53.6 

56.2 

0.954 

liib 



.118 

.120 

2.73 

1.10 

12.54 

4.6 

•98 

25.21 

.401 

3.68 

4 o.o 

66.1 

54.1 

56.3 

.961 

ll|C 



.117 

.120 

2. 74 

1.10 

12.54 

4.6 

.98 

23.36 

• 401 

5.68 

40.3 

65.2 

54.4 

56.4 

.965 

15a 



.119 

.120 

2.73 

1.24 

13.16 

4.8 

• 99 

22.95 

•455 

3.07 

43-3 

56.4 

50.1 

52.3 

.958 

15b 



.119 

.121 

2.72 

1.24 

13.08 

4.8; 

• 98 

22.96 

.456 

3-08 

43.2 

56.5 

50.7 

52.5 

.966 

150 



.119 

.121 

2-73 

1.24 

13.22 

4.9 

.98 

22.94 

•455 

3.07 

43.3 

56.4 

51.0 

52.9 

.964 

16a 



.118 

.120 

2.74 

1.37 

13.64 

5.0 

•98 

23.30 

• 498 

2.72 

46.7 

48.5 

44.4 

48.5 

•915 

16b 



.118 

.120 

2.74 

1.37 

15.59 

5.0 

.98 

23.32 

• 501 

2.71 

46.8 

48.2 

46.4 

48.7 

•953 

160 



.118 

.120 

2.74 

1.37 

13.86 

5.1 

•98 

23.26 

.500 

2.71 

46.7 

48.4 

46.5 

49-5 

• 939 

17a 



.119 

.121 

2.74 

1.66 

14.70 

5.4 

.98 

23.07 

.604 

I.98 

54-2 

36.0 

34.5 



17b 



.118 

.121 

2.74 

1.65 

14.76 

5.4 

•98 

23-25 

.604 

1.98 

54-6 

55.4 

34.9 

44.1 

• 791 

18a 



.119 

.121 

2.74 

1.92 

15.99 

5.8 

.98 

25.05 

.700 

1-53 

61.6 

27.8 

26.1 

42.5 

.614 

18b 



.118 

.121 

2.73 

1.92 

15.93 

5.8 

• 98 

23.19 

•703 

1.52 

62.2 

27.5 

27.6 

42.1 

.656 

18c 



.120 

.121 

2.74 

1.92 

16.42 

6.0 

1.00 

22.78 

.701 

1.49 

61.6 

27.8 

25.9 

41.9 

.618 

19a 



.118 

.121 

2.74 

2.24 

17.28 

6.3 

.97 

23.20 

.818 

1.17 

70.9 

21.0 

20.5 

39.2 

.523 

19 b 



.118 

.122 

2.75 

2.24 

17.26 

6.3 

.96 

23.28 

.817 

1.18 

70.8 

21.1 

19.5 

39-2 

• 497 

19c 

> 


. 118 J 

.123 

2.74 

2.24 

17.23 

6.3 

.96 

23.29 

.818 

1.18 

70.8 

21.0 

20.5 

39-6 

.518 
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TABLE 2.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED Z-SECTION 



a 


O’ 


cr 


U 


v 2 E c t w 2 

12 (l-n 2 )b,/ 


where E 0 = 10,700 ksl and n = 0 . 3 . 
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TABLE 3 .- DIMENSIONS AND TEST FESULTS FOR EXTRUDED CHANNEL- SECTION 
COLUMNS THAT DEVELOP LOCAL INSTABILITY 




Column 

Applicable stress- 
strain curve 

(ng. 5) 

% 

( in. ) 

t F 

(in, ) 

b W 

( in. ) 

b F 

(In.) 

L 

(in. ) 

L 

b W 

b w 

b F 


h. 

b w 

k w 

(fig- 3 ) 


Z2L 

T) 

(ksi) 

(a) 

ff cr 

(ksl) 

°rnax 

(ksi) 

1 

°cr 

°max 

b W /l 2 ( l-|i 2 ) 

b w V k w 

la 

B 

0.121 

0.129 

1.61 

O.98 

6.k8 

k.o 

o. 9 k 

13 . 5 k 

0.606 

2.36 

28.7 

128.2 

57*8 

61.0 

0 . 9 k 8 

lb 



.120 

.129 

1.61 

• 97 

6 .k 9 

k.o 

•93 

13.39 

.601 

' 2.ko 

28.6 

129.5 

57-8 

60.8 

.951 

2a 



.126 

.128 

1.6l 

1.07 

7.26 

k *5 

• 98 

12.82 

. 666 

1.92 

30.5 

112.9 

58 .k 

60.2 

.970 

2b 



.126 

.128 

1.61 

1 . 07 . 

7.50 

k -5 

.98 

12.85 

.662 

1.91 

30.7 

112.2 

57*7 

61.5 

• 938 

3 a 



.126 

.128 

1.62 

1.1k 

6.08 

5.0 

. 9 § 

12.87 

.708 

1-73 

32 . k 

101.0 

56.6 

60.1 

.Qk2 

3 b 



.125 

.128 

1.62 

1.1k 

8. 07 

5.0 

. 9 § 

12.91 

.706 

1-73 

32 . k 

100. k 

55*7 

60.2 

.925 

La 



.126 

.126 

1.6l 

1.3k 

9-79 

6.1 

• 9 § 

12.81 

• 833 

1.29 

37-3 

76.0 

53-1 

56.8 

.935 

kb 



.125 

.128 

1.6l 

1.33 

9-87 

6.1 

• 9 g 

12.87 

.82k 

1.33 

36.9 

77-7 

5 k. 2 

57.0 

•951 

kc 



.126 

.128 

1.6l 

1.3k 

9.8i 

6.1 

• 98 

12.86 

• 827 

1.30 

37-5 

76.O 

52.6 

57.1 

.921 

kd 

\ 


.12k 

.128 

1.6l 

1.3k 

9.80 

6.1 

• 97 

12.98 

.830 

1.31 

57-5 

75-2 

■ 52.7 

56.8 

.928 


B 

.121 

.12k 

2.22 

1.1k 

10.12 

k.6 

• 97 

18.37 

.512 

2.91 

35-6 

83 " k 

55-1 

56.9 

.968 

5 b 



.121 

.12k 

2.22 

1.1k 

10.10 

k.5 

••97 

18.38 

.513 

2.91 

35-6 

83.3 

5 k. 2 

56.6 

.958 

5 c 



.121 

.12k 

.2.22 

1.13 

10.12 

k.6 

•98 

18.36 

.509 

2.91 

35-6 

83-5 

5 k- 2 

56.7 

.956 

6a 



.121 

• 12k 

2.22 

1.36 

12.21 

5.5 

• 9 g 

18.32 

.613 

2.19 

k 0.9 

65.I 

51.1 

52.7 

.970 

6b 



.121 

,12k 

2.22 

1.36 

12.21 

5.5 

.98 

iS .35 

.612 

2.19 

ki.o 

62.9 

k 9.5 

51-5 

.961 

6c 



.121 

.12k 

2.22 

1.36 

12.17 

5-5 

• 97 

18.37 

.612 

2.19 

ki.o 

62.8 

k 9 *k 

51.7 

.956 

7 a 



.121 

• 12k 

2.22 

1.59 

12.98 

5.8 

.98 

18.33 

.717 

1.69 

k6. 6 

k8. 6 

k 3.9 

k 5-6 

.963 

7 b 



.121 

.12k 

2.22 

1.60 

12.99 

5.8 

• 98 

18.35 

.720 

1.67 

k 6.9 

k8.0 

kk .5 

k 5-7 

. 97 k 

7 c 



.121 

.12k 

2.22 

1.60 

15.00 

5-9 

.98 

iS .33 

.720 

1.67 

k 6.9 

k8. l 

k 3-5 

k 5-2 

.962 

8a 



.121 

.125 

2.22 

1.8k 

lk-18 

6.4 

• 9 7 

18.33 

. 828 

1.31 

52.9 

37-7 

37.2 

k 5-5 

.855 

8b 



.121 

.12k 

2.22 

1.8k 

lk- 18 

6.1* 

.98 

18.31 

.828 

1.51 

52.9 

37-8 

36.5 

k 3-2 

• 8 k 5 

8c 

\ 

r 

.122 

.12k 

2.22 

l.8k 

ik.16 

o.k 

• 98 

18.28 

.828 

1.31 

52.8 

37.9 

36.9 

k 3-5 

.852 

9a 

I 

) 

120 

.122 

2 . 7 k 

1.12 

12.50 

k.6 

. 9 | 

22.76 

•ko8 

3-71 

39-1 

69.3 

51.6 

55- 5 

.937 

9 b 



.120 

.125 

2.73 

l.ll 

12.51 

k.6 

.98 

22.71 

.k °7 

3-72 

58.9 

69.8 

52.3 

55-8 

.938 

9c 



.121 

.122 

2 . 7 k 

1.11 

12.50 

k.6 

• 99 

22.71 

•ko6 

3.72 

38.9 

69.8 

52.5 

55-3 

.946 

10 

> 

t 

.120 

.121 

2 . 7 k 

1.37 

15.67 

6.0 

• 99 

22.89 

.501 

2.93 

kk-2 

5 k - .1 

46.2 

ko. 1 

.960 

11a 

E 

.120 

.121 

2 . 7 k 

2.2k 

17.26 

6.3 

• 99 

22.78 

.816 

1.32 

65-5 

2k- 6 

23.0 

39.8 

.578 

lib 


i 

.121 

.121 

2 . 7 k 

2.2k 

17.27 

6.3 

•99 

22.72 

.818 

1-32 

65.3 

2 k -7 

22.0 

ko.k 

• 5 k 5 


"cr 

U 


k W T ^ E c t W 
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whore E c = 10,700 ksi and y. = 0. 
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Figure I.- Cross sections 

section 


and 


channel - 


g. 

7 

6 

5 

4 

K 

3 

2 

I 

0 


NACA ARR No. 



Figure 2- Values of k w for H- section 
columns. (From reference 6.) 
o'er _ F c t w z 


n 12(1-^ 2 )bw 2 
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Fig. 3 



Fiqure 3.- Values of k w for Z-and channel- 
section columns. (From reference 6.) 
°cr k w Tr 2 F c t w 2 


r] I Z (l -yU z ) b w 2 . 
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Fig. 4 



Figure 4.- Local instability of an H-section column 
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Figure 5.- Compressive stress - strain curves for extruded I4S-T aluminum alloy for 
with- grain direction . (Columns to which stress - strain curves B to E apply are identified 
in tables I to 3.) 

cn 
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Fig. 6 
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Figure 6. - Variation of the compressive yield stress 
over a cross section of an extruded I4S-T 
aluminum alloy H -section with web and 
flanges 0.125 inch thick. (Values in ksi) 
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Figure 7.— Column curve for extruded 14-S-T Qluminum alloy obtained 
from tests of flat-end H-section columns . a C y , 57 ksi . 
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Figure Variation of v and T) with stress for extruded I4S-T 

aluminum alloy . 
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Fig. 9 
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Figure 9. - Plate - buckling curve for exfruded I4S-T 
aluminum alloy obtained from tests of H - , Z- , and 
channel - section columns. o- cy (flange), 60ksi j cr cy (web), 58 ksi . 
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o c/T ) , ksi 


Figure 10 . -Variation of o cr with o cr /r \ for plates of extruded 145 -T 
aluminum alloy obtained from tests of H-, Z-, and channel - section 
columns . a C y (flange), 60 ksi * a cl j (web), Oft ksi . 
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Fig. 11 
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Figure 1 1 Variation of a cr with a c ^/a mQX for plates of 
extruded I4S-T aluminum alloy obtained from tests of 
H-,Z-,and channel - section columns. ar C y (flange), 60ksU 
a clJ (web) , 5 <3 ksi . 
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Figure 12. - Variation of cr max with a c p/rj for plates of extruded 145-T 
aluminum alloy obtained from tests of H~, Z-, and channel - section 
columns. a C y (flange), 60ksi •, cr C y (web),58ksi . 


